Purpose This study was designed to evaluate the effects of adding Estradiol (E2) supplementation to progesterone (P) on improvement of pregnancy outcomes in poor responder patients who underwent in vitro fertilization (IVF).
Introduction
In recent decades, rising the age of marriage and subsequent increased probability of infertility have been become a large concern for health services in various nations. Nowadays, assisted reproductive technology (ART) is so popular in treatment of infertility, but the main problem in these methods is treatment of poor responder patients [1] . The rates of poor ovarian responses to the stimulation have been reported from 9% to 24% [2, 3] leading to a low pregnancy rate in these patients (about 2%-4%) [4] [5] [6] [7] .
There are a variety of definitions for poor ovarian response in different studies and this makes it difficult to reach a unique assessment and to compare proposed treatments for these patients. Factors such as mature follicular number less than 3-5 in sonography imaging, increasing serum follicle stimulating hormone (FSH) level to at least 15 mmol/ml in the early follicular phase, number of picked-up follicles from the ovary, optimum Estradiol (E2) level toward previous cycle or the least cumulative dosage or required gonadotropines stimulation days in the previous cycle have been used for the definition of poor response to the stimulation [1, 8] .
Several treatment protocols have been presented for improvement of ART outcomes in poor responders, but they are still in accompanying with high treatment failure rates [9] [10] [11] . The role of progesterone (P) supplementation in the luteal phase of in vitro fertilization (IVF) cycles is well established worldwide [12] , but the influence of the luteal phase E2 level on implantation is not clearly defined [13] [14] [15] . First Stewart et al. revealed a significant difference in E2 levels between fertile and infertile cycles of fertile women who underwent donor insemination [16] . There are some other studies which believe that decline in the E2 levels in the human luteal phase does not appear to adversely affect the developmental capacity of the endometrium and pregnancy rate [1, 17] .
The low rate of implantation is the main issue of ARTcycles in poor responders [18] . Besides progesterone, estrogen and other steroid hormones are made by luteal body. This produced this question for researchers whether adding E2 to P supplementation could improve implantation rate or not [19] . Furthermore, most of the previous studies which reached positive effects of luteal phase E2 administration were designed for patients with a good ovarian response [7, 18, 20] . This controlled randomized clinical trial is designed to 
Materials and methods

Study design, inclusion and exclusion criteria and randomization
In this randomized clinical trial between March 2008 and October 2009, all consecutive patients who presented for the purpose of ART to the infertility ward of Shariati hospital, Tehran, Iran, were enrolled the study. Among these patients, those who fitted inclusion criteria were selected for the treatment protocol and those with any of exclusion criteria were taken apart (Fig. 1) . The study protocol was approved by ethics committee of Tehran University of Medical Sciences and each patient gave informed consent before enrollment in the study. Those without an informed consent were excluded from the study. Table 1 shows inclusion and exclusion criteria of the study. These selected patients were divided randomly into two groups (intervention or control) using computerized software in a 1:1 fashion. The sequence of allocation to the two groups was not concealed and thus it was possible for the treating physicians (n=2) to be aware of the next treatment to be allocated.
Sample size calculation
The primary outcome measure was implantation rate. In our situation, in average, the implantation rate is about 8% in poor responder, and the mean embryo transfer per subject is 2. Our hypothesis was that E2 would increase the implantation rate to 20%. Assuming significant level of 0.05 and power of 0.8, 130 embryo transfers (or 65 patients) in each group, are required to detect the expected difference.
Ovarian stimulation and Estradiol supplementation
Based on the study protocol and inclusion criteria, 59 patients (age 38-45 years) were considered as intervention group and 59 others (age 38-46 years) were classified as control group and were assigned to received related protocol. Demographic characteristics and clinical data of each group are shown in Table 2 .
Infertile patients with ART indications, received GnRH-a (Super fact, Hoechst AG, Germany) 500 mg/sc/d since day 21 of their previous menstrual cycles. In the day 3 of the cycle based on the age, FSH level and response rate in the previous cycle (if existed), Gonal-f (Serono, Switzerland) and HMG (Menogan, Ferring, Germany) were started as a long protocol. Sonography imaging was performed 7 days after stimulation and when there were at least two follicles with the size of >17 mm, HCG 10000 Iu/Im (Organon, pregng 5000) was administrated. Oocyte pickup (OPU) was performed 35-36 h later. Oocytes in metaphase II underwent microinjection and 4-8 cells embryos were transferred 2-3 days after OPU.
Patients who had 5 oocytes or less, Estradiol level ≥70 pg/dl, age ≥38 years or FSH ≥12 mIU/ml during OPU were considered as poor responder. Control group received Cyclogest 400 mg (2 suppository daily). For the intervention group, besides Cyclogest with the same treatment program, estradiol 4 mg/d (Aburaihan pharmaceutical, Iran) was added. Two weeks later, βHCG test was performed and when the test result was positive, sonography imaging applied for confirmation. Clinical pregnancy was approved when fetal heart rate (FHR) was present in the imaging and in these cases luteal phase support was continued up to week 12 of the pregnancy. For those without confirmed clinical pregnancy by imaging, luteal phase support was discontinued.
The primary outcome of the study was implantation rate. Secondary outcomes were rates of fertilization, biochemical pregnancy rate per transfer, clinical pregnancy, spontaneous abortion, ongoing pregnancy, multiple pregnancy and ectopic pregnancy.
Statistical analysis
Fifty nine patients in each group were initially received the related treatment, but only those who completed the protocol were considered for the final analysis (per protocol analysis). Results were reported as mean ± standard deviation (SD) or median (25% quartile-75% quartile) for quantitative variables and percentages for categorical variables. The groups were compared using the Student's t-test for continuous variables and the chi-square test (or Fisher's exact test if required) for categorical variables. P values of 0.05 or less were considered statistically significant. All the statistical analyses were performed using SPSS version 13 (SPSS Inc, Chicago, IL, USA) for Windows.
Results
Treatment outcomes were not significantly different between two groups. Figure 2 shows the outcomes of the treatments in each stage of the protocol for each group. Laboratory results and final quantitative and qualitative outcomes of the treatment in each group are summarized in Table 3 . All intervention and control patients were followed for 4 months since reaching the outcomes of the study. No complication was detected during treatment and follow up periods among the patients.
Discussion
Estrogen administration in follicular phase can improve endometrium preparation, but its role in the luteal phase is still under doubt [21] [22] [23] . In unsuccessful cycles, the late luteal E2 levels decline which may compromise periimplantation endometrial developments [24] . Vlahose et al. found that the addition of Estrogen to P in the luteal phase can increase L-selectin ligands -adhesion molecule in the endometrium during implantation [25] . All above data raise the speculation about a potential positive correlation between luteal phase E2 levels and pregnancy outcomes. In this study, treatment outcomes-except embryo gradwere not significantly different between two groups. In the same protocol to our study, Engmann et al. revealed that addition of vaginal E2 supplementation (4 mg/d) to the routine P supplementation as luteal support does not improve pregnancy rates in IVF treatment [11] . In a systematic review article in 2008, Gelbaya et al. reached no beneficial effects for IVF/ICSI patients who received E2 besides P [26] . Other studies confirmed the same results [9, 27, 28] . In contrary, there are a variety of evidences which support the effectiveness of E2 supplementation in order to improve number of successful pregnancies [29] [30] [31] .
The main reason of this variety in the results is still under question. Some studies demonstrated that adding E2 supplementation in luteal phase could not significantly affect patients' hormone profile [10] , histological pattern of the endometrium [1] or estrogen receptors [3] . It seems that the optimal E2 level is not the same in different patients. In a well-conducted randomized trial, E2 supplementation was added in different doses (0, 2 or 6 mg/d) to P regimen (6 mg/d). Significantly higher implantation and pregnancy rates were recorded in those who received low-dose E2 supplementation compared with who did not [32] . Various studies used different routes for E2 administration (orally, transdermal or vaginal) and there is no confirmed consensus about optimal E2 dosage and its duration.
Furthermore, most of the studies who reached positive effects of luteal phase E2 administration were designed for patients with a good ovarian response [2, 5, 17] . In poor responder patients, because of damages to the granulosa cells and few numbers of follicles, higher doses of E2 may be required for reaching the same results. These make it more ambiguous to judge about the best E2 supplementation regimen. Although the necessity of luteal phase E2 supplementation in all IVF patients is arguable, in some selected patients it may increase clinical pregnancy rates [33] .
Study limitations
In this study we missed 38/146 patients (26.02%) among enrolled ones because of not fitting the inclusion or exclusion criteria and ten patients were loosed during follow up due to immigration and incompliance and these might affect the study outcomes. Only those who complete the protocol were considered for the final analysis (per protocol analysis), however practically intention-to-treat analysis is recommended. In order to obtain a clearer view, further large, multicenter RCTs are required to clarify the optimal E2 supplementation regimen.
Conclusion
In summary, our data demonstrated that adding E2 supplementation to P in poor responder patients who underwent IVF could not significantly improve pregnancy outcomes.
